Recently, carbon nanotube (CN) FETs attract wide attention as a promising candidate of component device for the next generation electronics. Both the n-and p-channel device are already fabricated and a high performance per unit width is reported. A metallic CN is believed to enjoy a ballistic conduction [1] , and a CN FET may also show a ballistic conduction if carefully made so that the channel length is less than the carrier mean free path. The fabricated samples are reported to show a high current level of several
Introduction
Recently, carbon nanotube (CN) FETs attract wide attention as a promising candidate of component device for the next generation electronics. Both the n-and p-channel device are already fabricated and a high performance per unit width is reported. A metallic CN is believed to enjoy a ballistic conduction [1] , and a CN FET may also show a ballistic conduction if carefully made so that the channel length is less than the carrier mean free path. The fabricated samples are reported to show a high current level of several A [2] [3] [4] in spite of a large voltage drop at the contact to electrodes. The conduction mechanism is not clear at present. One case is analyzed as the Schottky barrier FET while the other asserts the bulk nanotube conduction dominates. Since the performance is improved year by year in pursuit of ballistic conduction, it is pertinent to the occasion to discuss the ballistic CN FET characteristics.
This paper presents the I-V characteristics of a ballistic CN FET derived from the band structure for the first time, and reports a surprisingly high performance per unit width compared with the ballistic silicon MOSFET [5] [6]. First, a general theory of a nanowire FET is derived, and then the result is applied to a CN FET.
I-V Characteristics of a Ballistic Nanowire FET
The electronic state of a nanowire is known to consist of one-dimensional subbands, each piece of which has the maximum and the minimum energy denoted by E max and E min , respectively, in the Brillouin zone. By use of the Landauer's formula, the electric current I is derived as in the 1 st equation in Fig. 1 , where V D is the drain bias, the Fermi energy of the source. The 2 nd equation of Fig. 1 prescribes relation between the applied gate bias V G and the carrier charge. f( ,E) and D(E) are respectively the Fermi function and the density of state of the subband. The threshold voltage V t and 0 are the value of V G and in flat band condition. The term ( -0 )/q on the left hand side gives the contribution from the quantum capacitance [7] due to the density of state, unlike the case of silicon MOSFET. Eliminating from these two equations, I is expressed in terms of applied voltages. 
Ballistic Carbon Nanotube FET Characteristics
The single-walled carbon nanotube (SWNT) is a one-dimensional tube-like nanowire that consists of carbon atoms, and the band structure is easily derived from that of the two-dimensional graphene sheet [8] . Fig. 3 shows the band structure of (19,0) SWNT which is semiconductive, for example. With use of the general theory of a ballistic nanowire FET as well as the band structure of SWNT, the current voltage characteristics of the CN FET are derived. reason that the high-k dielectrics induces the carrier number of only 7 times as much as that of silicon MOS is that the quantum capacitance dominates the result. The carrier velocity 1.1 10 8 cm/s in Fig. 8 is ~7 times that of silicon nMOSFET(1.6 10 7 cm/s). The extremely high current level per unit width in a ballistic SWNT FET is shown to be due to both the large drift velocity and also the large carrier density.
Conclusion
A general expression of a ballistic nanowire FET is derived, and the I-V characteristics of a ballistic CN FET are discussed. A ballistic CN FET shows a high current level per unit width as large as ~50 times that of a ballistic silicon nMOSFET. The high performance is afforded by a large drift velocity and also the large carrier density.
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